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10:06 PM Heading Out's comment: They have the cap on but it has not gone down far
enough to generate the seal, and so there is a lot of oil still coming out from under the cap.

So in this post, I will go back background material I put together earlier, based on material
presented in the Congressional Hearings.

I am sure you are still interested in current events as well, so before going to the background
material, these are a few news items. According to the New York Times:
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A technician involved in the effort said that because the shear cut left the riser with a
slight bend, a different cap would be used than the one originally planned. This cap
would fit over the flange that attaches the riser to the blowout preventer stack, the large
assembly of equipment atop the well that was supposed to seal the well in an emergency
but failed to do so.

The technician, who spoke on condition of anonymity because he was not authorized to
comment on the work, said that robotic submersibles had to "dress up" the cut end of
the pipe before the cap could be lowered. "Everything just takes time," he said.

If the cap succeeds in capturing most of the leaking oil, BP will try a couple of other
measures to minimize the amount of oil still leaking into the sea, Mr. Hayward said.
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To combat hydrate problems this time around, BP is running methanol, which will act as
a kind of antifreeze, and heated water through a hose down into the containment cap.

Embattled oil giant BP made headway in containing the gushing Macondo well Thursday
morning, severing a piece of riser pipe to make way for a "top cap" device with a
garden-hose-type seal designed to siphon leaking oil to surface tankers. . .

Currently, the well is emptying at a pressure of 9,000 pounds per square inch (psi). The
pressure of the water at 5,000 feet is counteracting that pressure and bringing the flow
pressure at the wellhead to 3,500 psi. For comparison, a crocodile's bite is measured at
5,000 Ppsi.

"The question is, will the pressure of oil going up into the much smaller pipe mean that
[it will create] enough pressure to force the oil up and around the oil seals," says Allen.
"We won't know until the cap is seated and we can see how the seals are doing their job."

According to the Qil and Gas Journal:

The cut on the riser pipe is irregular, and the top of the riser is leaning about 10°, Allen
said. Crews will place a containment cap with a rubber seal on top of the riser. BP has
caps available with different widths and sealing mechanisms so that it can use the cap
that best fits the cut riser.

“Once the cap is on, there is some chance that some oil could escape,” Allen said. “It
could be close to none, it could be some,” leaking out, he said, adding this only can be
determined after the cap is placed.

The reservoir pressure is 9,000 psi, and the pressure of oil coming through the BOP is
3,500 psi, he said. The collected oil and gas will go into a smaller pipe, which could
increase back pressure and cause oil to leak out around the seal.

Before the riser was cut, federal scientists estimated the flow rate of the spill could
increase 20% between the time of the cut and the time that the cap was placed. A team
of scientists had released preliminary findings showing the estimated flow rate is
12,000-19,000 b/d although it possibly could be 25,000 b/d (OGJ Online, May 27,
2010).

how one gets to the 12 feeds.

(These updates are by Gail. The background material below is by Heading Out.)

Congressional Testimony Illustrations
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One of the considerable problems that arise in writing about the Deepwater Horizon oil spill in the
Gulf of Mexico comes in determining what information that is given is actually accurate. I'm going
to assume, however, that when a company provides information to Congress that it is, to the best
of their knowledge, correct. Since the illustrations that accompanied the testimony of BP officials
is now available, albeit in draft form, I am going to summarize some of this so that, as discussion
and later posts require, it can serve as a useful point to find reference material.

This information was presented the Energy and Commerce Committee of the House, on May
24th. (Note that the illustrations have been condensed to fit on the page. Clicking on the image
should lead to a larger view on a separate page.)

There are several points that I want to highlight, and so I will be taking selected parts of the BP
slides to record separate pieces of information. The first of these is where the actual pay zones of
oil and gas are, relative to the total depth of the well, and what the pressures are within them.
Notice that the pressure at the bottom of the well is about a thousand psi lower than I had been
using in earlier posts.

BOP

Mud Line 5,067

Seal Assembly
Drilt Pipe — 1| |

Drilling Mud — |

Formation

TD 18,360*

There are several different parts of the overall structure for which more information is available
in these slides (and my many thanks to several folk who have pointed me to their existence).

Consider first the Blow-Out Preventer, on which I have focused recently. The exact nature of the
different rams is not the same as that illustrated by the paper from which I took the illustration.
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Annulars
{Lower / Upper)

Blind Shear Ram

Casing Shear Ram

Variable Bore Ram

Variable Bore Ram

Test Ram

The various components of the BOP, from the top are:

UAP - Upper Annular Preventer, used in normal drilling operations for well shut-in, rated at
10,000 psi

LAP — Lower Annular Preventer - down rated to lower wellbore retaining pressure to 5,000 psi.

BSR — Blind Shear Rams — cuts through the pipe and seals the well. 2 rams, one on either side of
the drill pipe (DP).

CSR — Casing Shear Rams — non sealing, cut drill pipe and casing, but not designed to seal the
well.

The three variable bore rams (VBO) would normally be the following with the functions
designated:

UPR — Upper Pipe Rams — Ram packers can close on a range of drill pipe, from 3.5” OD to 6 5/8”
OD and seal at 15,000 psi well bore pressure.

MPR — Middle Pipe Rams - Ram packers can close on a range of drill pipe, from 3.5 ODto 6 5/8”
OD and seal at 15,000 psi well bore pressure., can also be used to hand-off drill pipe to a
maximum weight of 600,000 Ib.

LPR — Lower Pipe Rams — A Test Ram that can hold up to 15,000 psi.
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The lowest ram did not function, I believe, and there was evidence of hydraulic leakage which has
raised questions as to whether, or which, of the other rams functioned. However, as a part of the
protocol for the positive pressure test, the drill pipe is lifted out of the BOP, and the BSR is closed
to seal the well, while fluid is pumped into the well through the kill line, to raise the pressure and
ensure that the cement job had held pressure. That test was successfully completed.

bp

Tripin and Casing Test

E 07:00 E- 12:00 E

4/20110

Draft - Work in P{__ 250

* Run in with tapered string for cement
plug:

- &-5/8" x5-1/2" x 3-1/2" drill pipe
* Stop at4700" {above BOP}
* Close blind shear rams
* Positive test casing to 250 and 2500 psi

12:00 - Close BSR. Pump
down kill line to test
casing to 250/2500
psi for 30 min

Interpretation
= Positive casing test is successful
- Pressures and volumes are as

B/24/2010 08:20 16

Following the positive pressure test the drill pipe is lowered back into the hole. Note that it is in
three sizes, as it goes down the well, with the upper segment at a diameter of 6 5/8” , and the
lowest at a diameter of 3.5” extending down to 8,367 ft below the rig.
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To separate the seawater that is then going to be pumped into the riser a special, heavy mud
known as the Lost Circulation Material (LCM) which has a weight of 16 pounds per gallon (ppg) is
injected into the well, through the DP, and it circulates from the bottom of the DP back up to the
BOP. The choke and kill lines had been filled with seawater, and the Kkill line pressure gage was
still reading 1200 psi. (This takes the time to 16:28 on the 20th April. The green color is 14 ppg
mud, the pink the 454 barrels of 16 ppg LCM, and the blue is seawater at 8.6 ppg.
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The sea water is pumped into the well and circulated behind the spacing LCM, material. Once it
has filled the drill pipe, and started to rise back up the production casing, the pressure rating of
the water in the DP is at 2325 psi, and that in the kill line is 1200 psi. The annular seal is closed
around the DP, and the pump is switched off. The pressure in the DP (on the rig floor I imagine) is
reduced to 1200 psi, to equate with that of the Kkill line. Once the two are at the same pressure the
kill valve at the BOP is opened, but this is where, at around 5 pm the first signs of a problem
appear. The fluid in the well, for the first time, exerts less pressure on the fluid in the rock, than
the value of that pressure.
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Subject to Revision

Data

* Open kill line

srig'| * Pressure equalizes

- Driliplpe pressure goes to 1400 psi
Kill line pressure drops to 645 psi

+ Bleed pressure to 273 psi on drillpipe as
kill line pressure drops to 2ero

- DP pressure never gets to zero
* First time well is under balance

* Observed that fiuid lavel in the dser had
dropped

Interpretation

* U-tube between drill pipe and kill line due
to heavy fluid in the annulus

* Suspect the annular is leaking

The annular that is leaking is, presumably, the annular seal at the top of the BOP. The term “U-
tube” I believe refers to the fact that there is not a pressure balance at the point it is measured.
At this point there are two separate scenarios as to how fluid starts to migrate into the well, as the
pressure in the DP is bled back to zero. It is now 17:52. Note that the oil/gas flow is shown as an
orange arrow and in either case has a path to the bottom of the DP.

el

Data
= Bleed drillpipe from 1202
to 0 psi
= IBOP is then closod

Interpretation

* Witness statements
indicate 15 bbis taken at
this bleed

- Normal
compressibility would
be approximately 5
bbls

~ Influx from the well is
suspacted

Pressure in the well now starts to rise, fluid is flowing from the kill line (about 3 — 15 bbls, the kill
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line was closed. Pressure in the DP was monitored and held steady at 1,400 psi, This was the
negative pressure test, at 19:55 the decision to continue pumping seawater was implemented, at
20:58 it was noted that the flow out was greater than the flow in. The flow meter indicates that
the well is flowing. Pressure in the DP continues to build, even after the pumps are shut down.

2) DP pressure 3) Increasing
r increasing with |. static pressure
pumps shut

1} Flow out greater '\ down

than flow in

=a am = e ns e mn am an am e s

The first indications of this flow was 51 minutes before the explosion occurred. Seawater
displacement restarted, at 21:14 and at 21:56 the Emergency Disconnect System (EDS) was
activated, which should have led the shear rams to activate, and released the riser from the well.
It did not work. The gage results leading up to the explosion were provided.

The activation time for the EDS should be 46 seconds.In this time, after the EDS button is
pushed, the blind shear rams close, cutting the drill pipe and sealing the well.

The choke and kill line valves are closed and the lines unlatched.
The LMRP is unlatched and disconnects.
The sequence is complete and the rig can move away from the well.

There is no evidence that the EDS fully activated. Even if hydraulic power to the BOP had been
lost there was a second procedure, the AMF, that should have sensed the loss in power,
communications and hydraulics and closed the blind shear rams. But it required all three to have
been lost to activate. It should take 37 seconds. There is no evidence that it fully activated.

The subsequent use of ultrasonics and gamma ray examination suggests that the blind shear and
VBRs may have functioned, and could have reached the locked (closed?) position.

The testimony also showed a simplified version of how the shoe at the bottom of the casing should
act to stop re-entry of fluids into the bottom of the production casing. The flappers stay open as
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first mud, and then cement is pumped down the well. Once the plug reaches the well, and all the
cement has been ejected, then the flappers swing back horizontal, sealing the well. (The testimony
pictures has the flapper in the wrong place in the middle figure so I deleted it from this copy.)

ErEIEHGERE This work is licensed under a Creative Commons Attribution-Share Alike
3.0 United States License.
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